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[57] ABSTRACT 
Carbostyril compounds represented by the formula (1) 

01-1 (1) 
1 /R3 

OCH2—CHCH2N\ 

wherein R1 represents a hydrogen atom, an alkyl group 
or a phenylalkyl group, R2 represents an alkenyl group, 
an alkoxyalkyl group, a hydroxyalkyl group, a carboxy’ 
alkyl group, an alkylcarbonyl group, a cycloalkylcarbo 
nyl group, an alkylcarbonylalkyl group, an alkoxycar 
bonylalkyl group, an alkynyl group or a carbamoylalkyl 
group, R3 and R4, which may be the 'same or different, 
‘each represents a hydrogen atom, an alkyl group, a 
cycloalkyl group, an alkoxyalkyl group, an alkenyl 
group, a phenylalkyl group, a phenoxyalkyl group or a 
phenyl group, and the 3,4-bond of the carbostyril nu 
cleus represents a single or double bond, pharmaceuti 
cally acceptable salts thereof, and a process for prepar-’ . 
ing the same. 

v18 Claims, No Drawings 
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CARBOSTYRIL COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATION , 

This is‘a continuation-in-part application of the appli 
cants’ application Ser. No. 778,537 ?led Mar. 17, 1977 
now abandoned. ‘ 

BACKGROUND OF THE INVENTION 

1. Field of the Invention , 

This invention relates to carbostyril derivatives and a 
process for preparing the same. More particularly, this 
invention relates to carbostyril derivatives represented 
by the formula (I) hereinafter described, the pharma 
ceutically acceptable salts thereof, and a process for 
preparing the carbostyril derivatives of the formula (I). 

2. Description of the‘Prior Art 
It is well known that certain carbostyril derivatives 

exhibit useful pharmaceutical activities. Representative 
compounds of this type have been disclosed in Journal 
of Medical Chemistry, Vol. 15, No. 3, pp. 260-266 
(1972), Japanese Patent Publication No. 38789/ 1971 and 
Chemical Abstracts, 62, l6212e (1965), etc. However, 
these prior art references do not teach that the com 
pounds having a wide variety of substituents at the l-, 5 
and/or 8-position of the carbostyril or 3,4-dihydrocar 
bostyril moiety possess an excellent ,B-adrenoreceptor 
blocking activity. a ‘ 

Hitherto, various carbostyril compounds have been 
disclosed as having a B-adrenoreceptor blocking activ 
ity. For example, US. ‘Pat. Nos. 3,340,266, 3,910,924 
and 3,953,456, and German Patent Application DT No. 
2,549,889 disclose that carbostyril or 3,4-dihydrocar 
bostyril derivatives having a (2-hydroxy-3-substituted 
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wherein R1 represents a hydrogen atom, an alkyl group 
or a phenylalkyl group, R3 represents an alkenyl group, 
an alkoxyalkyl group, a hydroxyalkyl group, a carboxy 
alkyl group, an alkylcarbonyl group, a cycloalkylcarbo 
nyl group, an alkylcarbonylalkyl group, an alkoxycar 
bonylalkyl group, an alkynyl group or a carbamoylalkyl 
group, R3 and R4, which may be the same or different, 
each represents a hydrogen atom, an alkyl group, a 
cycloalkyl group, an alkoxyalkyl group, an alkenyl 
group, a phenylalkyl group, a phenoxyalkyl group or a 
phenyl group, and the 3,4-bond of the carbostyril nu 
cleus represents a single or double bond, pharmaceuti 
cally acceptable salts thereof, and a process for prepar 
ing the same. 
As a result of extensive studies, it was found that the 

carbostyril derivatives having the formula (I) above and 
the pharmaceutically acceptable acid addition salts 
thereof possess an excellent cardioselective ,B-blocking 
activity. 7 

The term “alkyl” as used herein for R1, R3 and R4 
means a straight or branched chain alkyl group having 
1 to 6 carbon atoms and includes, for example, a methyl, 
ethyl, propyl, isopropyl, butyl, sec_-butyl, tert-butyl, 
pentyl or hexyl group and the like. 
The term “cycloalkyl” as used herein for R3 and R4 

, means a cycloalkyl group‘ having 3 to 7 carbon atoms, 

amino)propoxy group at the 5-, 6-,,7- or S-position of 40 
the carbostyril or 3,4-dihydrocarbostyril nucleus pos 
sess a B-adrenoreceptor blocking activity. 
However, these B-adren'oreceptor blocking agents, 

i.e., ,B-blockers, are usually contraindication to subject 
suffering from bronchial asthma and, therefore, it has 
been desired to develope B-blockers having a high car 
dioselectivity. , 

Recently, carbostyril compounds having a (2 
hydroxy-3-substituted~amino)propoxy group at the 5 
position of the carbostyril nucleus were found to have a 
cardioselective B-adrenoreceptor blocking activity, as 
disclosed in German Patent Application DT No. 
2,615,406. Such cardioselective B-blockers would be 
very useful for treatment of cardiac disorders such as 
angina pectoris, heart arrhythmia and hypertension. 
The compounds of the present invention were also 
found to have excellent cardioselectivity better than 
‘that of these known compounds and are useful in treat 
ment or prophylaxis of cardiac disorders in subjects 
suffering also from chronic obstructive lung disease 
such as bronchial asthma. 

DETAILED DESCRIPTION OF THE 
INVENTION 

‘The present invention relates to carbostyril com 
pounds represented by the formula (I): 
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for example, a cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl group and the like. 
The term “phenylalkyl” as used herein for R1, R3 and 

R4 means a monophenylalkyl' or diphenylalkyl group 
having a straight or branched chain alkyl group having 
1 to 6 carbon atoms in the alkyl moiety and includes, for 
example, a benzyl, 2-phe‘nylethyl, l-phenylethyl, 2 
methyl-2-phenylpropyl, diphernylmethyl, 2,2 
diphenylethyl, 4-phenylbutyl, 6-phenylhexyl, 1,1 
dimethyl-Z-phenylethyl, .2-methyl-4-phenylbutyl, 2 
methyl-3-phenylpropyl group and the like. 
The term “alkenyl” as used herein for R2, R3 and R4 

means a straight or branched chain .alkenyl group hav 
ing 2 to 6 carbon atoms and includes, for example, ‘an 
ethylenyl, 2-propenyl, 2-butenyl, Z-pentenyl, 3-pente 
nyl, l-methyl-Z-butenyl, Z-hexenyl, 4-hexenyl group 
and the like. f 
The term “alkoxyalkyl” as used herein for R2, R3 and 

R4 means an alkoxyalkyl group having a straight or 
branched chain alkoxy group of l to 6 carbon atoms in 
the alkoxy moiety thereof and a straight or branched 
chain alkylene group of l to 6 carbon atoms in the alkyl 
moiety thereof and includes an ethoxymethyl, 2 
methoxyethyl, 2-isopropoxyethyl, 3-butoxypropyl, 5 
sec-butoxypentyl, 4-hexyloxybutyl, 6-pentyloxyhexyl, 
3-ethoxybutyl and the like. i 
The term “hydroxyalkyl” as used herein for R2 means 

a monohydroxyalkyl group having a straight or 
branched chain alkyl group of 1 to 6 carbon atoms and 
includes, for example, a hydroxymethyl, Z-hydrox 
yethyl, 3-hydroxypropyl, 2-hydroxypropyl, 4-hydrox 



3 
ybutyl, ‘3-hydroxybutyl, 2-methyl-3-hydroxypropyl, 
S-hydroxypentyl, 4-hydroxypentyl, 2-methyl-4-hydrox 
ybutyl, 2-methyl-3-hydroxybutyl, é-hydroxyhexyl, 5 
hydroxyhexyl, 2-methyl-S-hydroxypentyl, 2-methyl-4 
hydroxypentyl group and the like. ' 
The term “carboxyalkyl” as used herein for R2 means 

a carboxyalkyl group having a straight or branched 
chain alkylene group of l to 6 carbon atoms in the alkyl 
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moiety thereof and includes, for example, a carboxy- . 
methyl, 2-carboxyethyl, 3-carboxypropyl, 4-carboxybu 
tyl, 2-carboxyhexyl, 3-carboxy-2-methylbutyl group 
and they like. 1 

The term “alkylcarbonyl” as used herein for R2 
means an alkylcarbonyl ‘group having a straight or 
branched chain alkyl group of l to 6 carbon atoms in the 
alkyl moiety thereof and includes, for example, an ace 
tyl, propionyl, butyryl, isobutyryl, penta'noyl, hexanoyl 
group and the like. 1 - 

The term “cycloalkylcarbonyl” as used herein meansv 
a cycloalkylcarbonyl group having a cycloalkyl group 
of 3 to 7 carbon atoms in the cycloalkyl moiety thereof 
and includes, for example, a cyclopropylcarbonyl, cy 
clobutylcarbonyl, cyclopentylcarbonyl, cyclohexylcar 
bonyl, cycloheptylcarbonyl group and the like. 
The term “alkylcarbonylalkyl” as used herein for R2 

means an alkylcarbonylalkyl group having a straight or 
branched chain alkylene group of l to 6 carbon atoms 
and the alkylcarbonyl group as vde?ned above and in 
cludes, for example, a methylcarbonylmethyl, ethylcar 
bonylmethyl, 2-ethylcarbonylethyl, 2-isopropylcar 
bonylethyl, 3-sec-butylcarbonylpropyl, 6-hexylcar 
bonylhexyl, 3-ethylcarbonyl-2-methylpropyl group and 
the like. , 

The term “alkoxycarbonylalkyl” as used herein for 
R2 means an alkoxycarbonylalkyl group having an alk 
oxycarbonyl moiety consisting of a straight or branched 
chain alkoxy group having 1 to 6 carbon atoms attached 
to a carbonyl group and a straight or branched chain 
alkyl group having 1 to 6 carbon atoms in the alkyl 

1 moiety and includes, for example, a methoxycarbonyl 
methyl, ethoxycarbonylmethyl, isopropoxycarbonyl 
‘methyl, 2-ethoxycarbonylethyl, 3-sec-butoxycarbonyl 
propyl, v5-isobutoxycarbonylpentyl, 6-hexyloxycar 
bonylhexyl, 3~ethoxycarbonyl-2-methylbutyl group and 
the like. . 

- The term “alkynyl" as used herein for R2 means a 
straight or branched chain alkynyl group having 2 to 7 
carbon atomsand includes, for example, ,Z-propynyl, 
.l-propynyl, _2-butynyl, 3-butynyl, Z-pentynyl, 3-penty 
nyl, 4-pentynyl, 2-methyl-3-butynyl, l.-methyl-3-buty 
nyl, Z-hexynyl, ,3-hexynyl, 4-hexynyl, 5-hex'ynyl, 2 
methyl-4-pentynyl, 1-methyl-4-pentynyl, 2-methyl-3 
pentynyl, l-methyl-3-pentynyl, Z-heptynyl, 3-heptynyl 
group and the like. 
The term “carbamoylalkyl” as used herein for R2 

means a carbamoylalkyl group having a straight or 
branched chain alkylene group of l to 6 carbon atoms in 
the alkyl moiety thereof and a carbamoyl group which 
may be substituted on the nitrogen atom thereof with an 
alkyl group having 1 to 6 carbon atoms or a substituted 
or unsubstituted phenylalkyl group and includes, for 
example,’ a carbamoylmethyl, S-carbamoylpropyl, 4 
carbamoylbutyl, 6-carbamoylhexyl, 2-(N,N-diethylcar 
bamoyl)ethyl, N-(3,4-dimethoxyphenethyl)carbamoyl 
methyl group and the like. 
The term “phenoxyalkyl” as used herein means a 

phenoxyalkyl, group having a straight or branched al 
kylene group of 1 to 6 carbon atoms in thealkyl moiety 
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4 
thereof and includes, for example, a phenoxymethyl, 
Z-phenoxyethyl, l-phenoxyethyl, 2-methyl-2-phenoxy 
propyl, diphenoxymethyl, 2,2-diphenoxyethyl, 4 
phenoxybutyl, 6-phenoxyhexyl, l,l-dimethyl-2-phenox 
yethyl, 2-methyl-4-phenoxybutyl, 2-methyl-3-phenoxy 
propyl group and the like. 
The above phenyl, phenylalkyl, phenoxyalkyl and 

heterocyclic alkyl groups and the heterocyclic ring may 
contain 1 to 3 substituents which may be the same or 
different. Examples of such substituents include an alkyl 
group having~l to 4 carbon atoms such as a methyl, 
ethyl, propyl, isopropyl, n-butyl, tert-butyl group and 
the like, an alkoxy group having 1 to 4 carbon atoms 
such as a methoxy, ethoxy, isopropoxy, n-butoxy, tert 
butoxy‘group and the like, a halogen atom such as a 
chlorine, bromine, iodine or fluorine atom, an alkylene 
dioxy group having 1 to 2 carbon atoms such as a meth 
ylenedioxy or ethylenedioxy group and the like, a car 
bamoyl group, a substituted or unsubstituted phenyl 
group, etc. 

Typical examples of groups having the above substit 
uents are for example, 4-methoxyphenyl, 3-chlorophe 
nyl, 3,4-methylenedioxy, 3,4-dimethoxyphenyl, 3,4,5 
trimethoxyphenyl, 4-chlorophenyl, 2-(4-fluorophenyl 
)ethyl,‘ 2-(3,4-dibromophenyl)ethyl, 2-(3,4-dimethoxy 
phenyl)ethyl, 2-(3,4,5-trimethoxyphenyl)ethyl, 4-(3,4,5 
triethoxyphenyl)buty1, 2-(3,4-methylenedioxyphenyl 
)ethyl, 3-(3,5-dichlorophenyl)propyl, 2-(4-carbamoyl 
phenyl)ethyl, 2-(4-chloro-3,5-dimethoxyphenyl)ethyl, 
2-(2-isopropoxyphenyDethyl, 2-(3,4-dimethoxyphenox 
y)ethyl, 2-(3,5-dimethoxyphenoxy)ethyl, 4-(3,4,5-trie 
thoxyphenoxy)butyl, 2-(3,4-ethylenedioxyphenox 
y)ethyl, 2-(4-?uorophenoxy)ethyl, 2-(4-tert-butoxy 
phenoxy)ethyl, I3-(3,5-dichlorophenoxy)propyl, 2-(4 
carbamoylphenoxy)ethyl, 2-(4-chloro-3,S-dimethoxy 
phenoxy)ethyl, 2-(4-methoxyphenoxy)ethyl, .4-phenyl 
piperazino, 4-(4-methoxyphenyl)piperazino, 4-(3 
chlorophenyl)piperazino, 4-(4-chlorophenyl) 
piperazino, 4-ethylpiperazino, 4-(tert-butyl)piperazino, 
4-(2-methoxyphenyl)piperazino, 3-methyl-4-(4-chloro 
phenyl)piperazino, 3-isopropylpiperazino, 4-(3,4 
methylenedioxyphenyl)piperazino, 2-chloropiperazino, 
4-(3,4-dimethoxyphenyl)piperazino, 4-(2-methyl 
phenyDpiperazino, 3-(4-ethylpiperazino)propyl, 2-(2 
chloromorpholino)ethyl, 4-?uoropiperidino, 3-ethyl 
piperidino, 2-isopropylpyrrolidino and the like. 
The term “pharmaceutically acceptable acid addition 

salts” as used, herein means those formed with pharma 
ceutically acceptable inorganic and organic acids which 
are well known in the art such as, for example, hydro 
chloric acid, hydrobromic acid, hydroiodic acid, sulfu 
ric acid, phosphoric acid, acetic acid, lactic acid, oxalic 
acidfmalonic acid, succinic acid, maleic acid, fumaric 
acid, malic acid, mandelic acid, methanesulfonic acid, 
benzoic acid and the like. 
The chemical structure representing carbostyril com 

pounds of the present invention used throughout the 
speci?cation and claims of this invention, i.e., the partial 
structure having the formula: 



. , §5 ' . 

includes both carbostyril and 3,4-dihydrocarbostyril of 
‘the partial structure: ‘ 

10 

respectively. . » - v 

_ The carbostyril derivatives represented by the for 
mula (I) can be prepared by reacting a carbostyril com 
pound of the formula (II), i.e., a 2,3-epoxypropoxycar- 15 
bostyril compound of the formula (Ila) or a Z-hydroxy 
3-halopropoxycarbostyril compound vof the formula 
(IIb), with an amine compound of the formula (III), as 
illustrated by the following reaction scheme: 

- ' 20 

25 

(11) 35 

R20 
50 

(I) 

‘wherein R1, R2, R3 and Rf are as ‘defined above, and Y 
represents‘ a . , . ‘ 

i 55 

. 0H , 

/ \ i ' 
—-Cl-I—‘—-Cl-l; group or a -—CHCHZX group 

wherein X represents a halogen atom. ' 60 
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More speci?cally, the starting material, carbostyril 

I ,_ vcompounds of the formula (II), can be either an epoxy 
' ‘ form having the formula (Ila), a 2-hydroxy-3-halo 

propoxy form having the formula (IIb) or a mixture 
thereof. 
The reaction between a 2,3-epoxypropoxycarbostyril 

compound of the formula (Ila) and an amine of the 
formula (III) can (be carried out in the absence of sol 
vents, but is preferably conducted in the presence of a 
solvent, for example, ethers such as dioxane, tetrahy 
drofuran and the like, aromatic hydrocarbons such as 
benzene, toluene, xylene and the like, water, dimethyl 
formamide, etc., more preferably in a polar solvent such 
as methanol, ethanol, isopropanol and the like. 
The reaction can be carried out at a temperature of 

about 0° C. to 100° C., preferably 0° C. to 70° C., using 
an approximately equimolar amount to a molar excess, 
preferably_3 to 8 mols, of the. amine of the formula (III) 
per mol of the ,2,3-epoxypropoxycarbostyril compound 
of the formula'(I_Ia). 
The reaction between a 2-hydroxy-3-halopropox 

ycarbostyril of the formula (IIb) and an amine of the 
formula (III) can be advantageously carried out in the 
presence of a base, for example, sodium hydroxide, 
potassium hydroxide, sodium carbonate, potassium car 
bonate and the-like, preferably sodium carbonate or 
potassium carbonate, but the reaction can be carried out 
in the absence of such base. 
The reaction can be carried out at a temperature of 

about O‘to about 100° C., preferably 20° to 80° C., in the 
absence of solvents, but advantageously carried out in 
the presence of solvents, e.g., alcohols such as metha 
nol, ethanol, propanol, isopropanol and the like, aro 

_ matic hydrocarbons such as benzene, toluene, xylene 
and the like, water, etc., preferably alcohols such as 
methanol,ethanol, iropropanol and the like. 

In the above reaction, the amine of the formula (III) 
is used in a molar excess, preferably 3 to 8 mols, per mol 
of the Z-hydroxy-3~halopropoxycarbostyril compound 
of the formula (11b). 
The reaction between a mixture of the carbostyril 

compounds of the formulae (Ila) and (I-Ib) and an amine 
compound of the formula (III) can be carried out in the 
presence or absence of thebase set forth above at a 
temperature of about 0° C. to about 100° C., preferably 
50° to 80° C. The type of solvents and the amount of the 
amine'of the formula (III) which can be used in this 
‘reaction are the same as those set forth above for the 
reaction of the compound of the formula (IIa) or (Ilb) 
with the amine of the formula (III). 

‘ The time required for completing the reaction of the 
carbos‘tyril compound of the formula (lIa), (IIb) or a 
mixture thereof with an amine varies depending upon 
the temperature used, but is generally about-0.5 to about 
‘30 hours, more generally, 2 to 14 hours. 

The» starting material of the formula (II) are novel 
‘ compounds and can be derived from corresponding 
5,8-dihydroxycarbostyril compounds of the formula 
(IV)? via various routes, as illustrated by Reaction 
Scheme 1 below. 

Reaction Scheme 1 
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-continued 

9 

0H l-IX3 (XIV) 

I-IO 1'11. ' Rz'Xx Rio‘ II“. 
(1V) ' ‘ 

(xv) . (XII) - 

0 

/ \ 
xcmcn-cn; 
(V) I 

(D) (C) 

R20 

(11) 

Representative procedures forthe preparation of the 
' starting ‘materials of the formula‘(II) are as follows: 

‘ vMethod A 

The carbostyril compounds ' of the formula (II) 
wherein R1 and R2 both represent hydrogen atoms can 
be prepared by reacting a known dihydroxycarbostyril 
compound of the formula 
the formula (V) in the presence of a base. 

Method B 
The carbostyril compounds of the formula’ (II) ' 

wherein R1 represents a hydrogen atom and R2 repre-_ 
sents R2’ which represents a group as de?ned by R; 
except for a hydrogen atom, can be prepared by react 
ing. a known compound of the formula (IV) with a 
halide of the formula R2’X1 wherein R2’ is as de?ned 
above and X1 represents a halogen atom, in the presence» 
of a base to produce a hydroxycarbostyril compound of 

v the‘ formula (VII) and then reactingvthe thus obtained 
hydroxycarbostyril compound of the formula (VII) 
‘with an epihalohydrin of ‘the formula (V) in the pres 
ence of a base. 1 I 

’ Method C 

The carbostyril compounds of the formula (II) 
wherein R1 represents R1’ which represents a‘ group as 
de?ned by R1 except for a hydrogen atom andv R2 repre 
sents R2’ which is as de?ned above, can be prepared by 

25 

(IV) with an epihalohydrin of _ 

35 

45 

tetrahydropyranyl group, reacting the thus obtained , 
compound of the formula (IX) with a halide of the 
formula (X)'[R1’X2] in the presence of a base to produce 
a carbostyril compound of the formula (XI), hydrolyz 
ing the compound of the formula (XI) to produce a 
corresponding hydroxycarbostyril compound of the 
formula (XII) and reacting the thus obtained hydrox 
ycarbostyril compound of ‘the formula (XII) with an 
epihalohydrin of the formula (V) in the presence of a 
base. Alternatively, the compound of_ the formula (XII) 
can be derived from the compound of the formula‘ 
(XV). ' - 

Method D 
The carbostyril compounds of‘ the formula (II) 

wherein R1 represents R1’ which is as de?ned above and 
R2 represents a hydrogen atom can be prepared by 
reacting a compound of the formula (IV) with a halide 
of the formula (X) [R1'X2] in the presence of a base to 
produce a carbostyril compound of the formula (XIII), 
hydrolyzing the compound of the formula (XIII) to 
produce a compound of the formula (XV) and then 
reacting the thus obtained compound of the formula 
(XV) with an epihalohydrin of the formula (V) in the 
presence of a base. . -'- ' ' 

Alternatively, the compound‘: of the formula (XV) 
can be‘prepared from the corresponding compound of Y 

. the formula (XI) or (XII) by‘hydrolysis. 

reacting a compoundof the formula (VII) with a 2,3- , 
dihydropyran of the formula (VIII) to produce a tetra 
hydropyranyl compound of the formula (IX) wherein 
the hydroxyl group at the 5-position is‘ protected with a 

OCHZY 

The carbostyril derivatives’ represented by the for 
mula (II) include the compounds of the formulae (IIa), 

' (11b), (11c) and (11d), as illustrated in Reaction Scheme 
2 below, and the compounds can be-converted inter 
changeably as shown by arrow lines. 

Reaction Scheme 2 

OCI-IZY 

// 
N 
H 

(IIb) 
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-continued 

ocnzv OCHZY 

(Ila) 

The processes for preparing the starting compound of 
the formula (II) of the present invention are further 
illustrated hereinafter in greater detail. 
The reaction between the compound of the formula 

(IV), (VII), (XII) or (XV).and an epihalohydrin of the 
‘formula (V) can be carried out in the presence of a base 
at a temperature of about 0° to about 150° C., preferably 
50° to 100° C., in the absence or, preferably, in the 
presence of a solvent. 

Suitable examples of bases which can be used in the 
above. reaction are inorganic bases, for example, alkali 
metal hydroxides such as sodium hydroxide, potassium 
hydroxide and the like, alkali metal carbonates such as 
sodium carbonate, potassium carbonate and the like, 
alkali metals such as sodium, potassium and the like, or 
organic bases- such as pyridine, piperidine, piperazine 
and the like. I 

Suitable examples of solvents which can be used in 
the above reaction are lower alcohols such as methanol, 
ethanol, isopropanol and the like, ketones such as ace 
tone, methyl ethyl ketone and the like, ethers such as 

. diethyl ether, dioxane and the like, and aromatic hydro 
carbons such as benzene, toluene, xylene and the like, 
preferablyvv methanol and ethanol. 
The epiphalohydrin of the formula (V) can be epi 

chlorohydrin, epibromohydrin or epiiodohydrin and 
can be used inan amount of about 1 to about 3 mols, 
preferably 1 to 1.5 mols, per mol of the compound of the 
formula (IV) or (XV) and in an approximately equimo 
lar amount to a molarexcess amount, preferably 5 to 10 
mols, per mol of the compound of ‘the formula (VII) or 
(x11). - . 

In the above reaction, the hydroxyl group attached to 
the '5-position of the compounds of the formulae (IV), 
(VII), (XII) and (XV) is converted into a (2,3-epoxy) 

. propoxy group or a 3-halo-2-hydroxypropoxy group 
' and the resulting reaction product is usually a mixture 
of corresponding 5-(2,3-epoxy)propoxy compound and 
5-(3-halo42-hydroxypropoxy) compound. The mixture 
per se thus obtained is usually used for the subsequent 
reaction with an amine of the formula (III) without 
isolating each of the compounds, but, if desired, each of 
the compounds can be isolated and puri?ed by conven 
tional procedures, for example, by fractional crystalliza 
tion, column chromatography and then reacted with an 
amine of the formula (III). ' 
The reaction between the compound of the formula’ 

(IIa), (IIb), (IX) or (IV) and a compound of the formula 
(X) [R1'X2] can be carried out by ?rst converting the 
compound of the formula (11a), (11b), (IX) or (IV) into 
an alkali metal salt thereof by reacting the compound 
with a base such as an alkali metal or an alkali metal 

(lid) 

25 

40 

compound, for example, sodium hydride, potassium 
hydride, sodium amide, sodium, potassium and the like. 
The conversion of the compound having the formula 

(Ila), (IIb), (IX) or (IV) into an alkali metal salt thereof 
can be conducted at a temperature of about 0° to about 
200° C., preferably room temperature to 50° C. in a 
solvent, for example, aromatic solvents such as benzene, 
toluene, xylene and the like, n-hexane, cyclohexane, 
ethers such as diethyl ether, l,2-dimethoxyethane, diox 
ane and the like, non-protonic polar solvents such as 
dimethylformamide, hexamethylphosphoric triamide, 
dimethyl sulfoxide and the like, preferably non-protonic 
polar solvents. 
The alkali metal or the alkali metal compound can be 

used in an amount of about 1 to about 5 mols, preferably 
1 to 3 mols, per mol of the compound of the formula 
(Ila) or (IX), and in an amount of about 2 to about 10 
mols, preferably 3 to 5 mols, per mol of the compound 
of the formula (IIb) or (IV). 
The resulting alkali metal salts of the compounds of 

the formulae (IIa), (IIb), (IX) and (IV) can then be 
reacted with a halide of the formula‘ (X). This reaction 
proceeds smoothly in a solvent such as dimethylform 
amide, dimethyl sulfoxide and the like at room tempera 
ture (about 15° to 30° C.). 
The halide (X) can be ,used in an amount of about 1 to 

about 5 mols, preferably 1 to 3 mols, per mol of the 
compound of the formula (Ila) or (IX), and in an 
amount of about 2 to about 10 mols, preferably 3 to 5 
mols, per mol of the compound of the formula (IIb) or 
(IV). 
The reaction between thecompound of the formula 

(Ila), (IId), (IV) or (XV) and a halide of the formula 
(VI) [Rg'Xl] can be carried out in the presence of a base 
without using a solvent, but a solvent, e.g., ethers, such 
as dioxane, diethyl ether, tetrahydrofuran and the like, 
aromatic hydrocarbons such as benzene, toluene, xylene 
and the like; ketones such as acetone, methyl ethyl ke 
tone, acetophenone and the like, dimethylformamide, 
acetonitrile, methanol, ethanol, etc. can be used. 

Suitable examples of‘ bases which can be used in the 
above reaction are inorganic bases, for example, alkali 
metal hydroxides such as sodium hydroxide, potassium 
hydroxide and the like, alkali metal carbonates such as 
sodium carbonate, potassium carbonate and the like, 
alkali metals such as sodium, potassium and the like, or 
organic bases such as pyridine, piperidine, piperazine 
and the like. 
The reaction between the compound of the formula 

(IV) or (XV) and the halide (VI) can be conducted 
using about 1 mol to about 3 mols, preferably 1 to 1.5 
mol, of the halide per mol of the compound of the for 



the compound of the formula (IX). , 
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mula (IV) or (XV) at a temperature of about _0° C. to 
about 100° C., preferably at 50° to 80° C. ‘ 

The reaction of a compound of the formula (VII) 
with a 2,3-di‘h‘ydropyran can be conducted in a solvent 
in the presence of a catalyst at a'temperat'ure of about 0° 
C. to a boiling point of the solvent used, preferably atv 
room temperature to 50° C.. 

Suitable examples of solvents which can be used in 
the above reaction ‘are ‘aromatic solvents such as ben 
zene, toluene, xylene and the like, n-hexane, cyclohex 
ane, ethers such as diethyl ether, l,2-dimethoxyethane, 
dioxane and the like, chloroform, dimethylformamide, 
hexamethylphosphoric triamide, dimethyl sulfoxide and 
the like. ‘ 

Suitable examples of catalysts which canbe used in 
the above reaction are inorganic acids such .as sulfuric 
acid, hydrochloric acid, hydrobromic acid, phosphoric 
acid. and the like, organic acids such as acetic acid, 
p-toluenesulfonic acid, methanesulfonic‘ acid and the‘ 
like, Lewis acids such as aluminum chloride, zinc chlo 
ride, boron tri?uoride and the like, thionyl chloride, 
etc., in ‘an amount of about 0.1% to about 5%, prefera 
bly 0.5% to 3%, by weight based on the weight of the 
compound of the formula (VII). ,. 
The removal'of the tetrahydropyranyl group from 

the‘compound of the formula (IX) can be achieved by 
using an acid in a solvent, for example, aromatic hydro 
carbons such as benzene, toluene, xylene and the .like, 
n-hexane, cyclohexane, ethers such as‘ diethyl ether, 
1,2-dimethoxyethane, dioxane and the like,‘ hydrated 
solvents for example, alcohols‘ such as methanol, etha 
nol, propane] and the like, chloroform, di'methylform 
amide," hexamethylphosphoric triamide, dimethyl “sulf 
oxide and the like, at a temperature of about room tem 
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I I g g ' Reaction Scheme3 ' 

OH ‘I ' R3 OH R3 

I OCHZCHCHZN ‘ OCHZCHCHZN 

\ \ 

. v I R20 7 ‘v 3 R1 

(lb) 1 / - (lc) 

' OH - R3 0“ R3 
| ‘ / l / 

OCHZCHCHZN\I _ ‘ - OCH2CHCH2N\ 

R20 

' (la) 

The conversion of a compound having a —OR; 
group at the 8-position into a corresponding compound 
having'a —OH group at the 8-position can be achieved 
by catalytic reduction or hydrogenation using a reduc 
‘ing agent, or alkali hydrolysis or mild acid hydrolysis. 

‘ Examples of R2 groups which can easily be removed by 

35 
perature to a boiling point of the solvent used,’ prefera 
bly room temperature to 50° C. ‘ 

Suitable examples of acids which can be used in the 
removal of tetrahydropyranyl group are inorganic acids 
such as hydrochloric acid, sulfuric acid, phosphoric 
acid, hydrobromic acid and the like, and organic acids 
such as acetic acid, p-toluenesulfonic' acid,1methanesul-. 
fonic acid and the like. particularly preferred acids are ‘ 
‘weakly acidic inorganic and-organic acids, for example, 
phosphoric acid, acetic acid, p-toluenesulfonic acid, 
methanesulfonic acid and the like. The amount of acids 
used is not critical and can be a large excess relative to 

The hydrolysis reaction of the compound of the for 
mula (XI), (XII) or (XIII) can be carried out using a 
hydrogen halide such as hydrogen bromide, hydrogen 

‘ chloride,‘ hydrogen iodide. Generally, the hydrogen 

“ the above procedures are aralkyl groups such as a ben 
zyl group, an a-methylbenzyl group and the like, and 
acyl groups. 
For example, the compounds of the formula (Id) and 

‘ (Ic) having a benzyl group as R; can be catalytically 

45 

reduced in the presence of a catalyst which is generally 
used for catalytic reduction, for example, Raney nickel, 
palladium-carbon, pallladium black, platinum oxide and 
the like to produce acorresponding compound of the 
formula (Ia) and v(Ib), respectively. 
The above catalytic reduction can be carried out in a 

solvent, for example, lower alcohols such as, methanol, 
‘ethanol, isopropanol and the like, acetic acid, water, etc. 
.The reaction conditions which can be used in the cata 
lytic reduction are not critical and generally the reduc 
[tion proceeds under atmospheric pressure at room tem 

_ perature. 

halide is used together with an appropriate solvent, in f 
particular, with an aqueous medium, in the form of a 
hydrohalic acid. A particularly preferred example of 55 
the hydrogen halide is hydrogen bromide which is usu 

‘ ally used as an aqueous solution having a concentration 
, of about 10 ‘to 50%, preferably 47%. . The hydrogen 
halide can be used in an approximately 1 mol to a molar 
excess, preferably in a large excess amount, relative to 
the compound of the formula (XI), (XII) or (XIII). 
The hydrolysis can be advantageously carried out 

60 

under heating at a temperature of about 100° to about " 
150“ C. 
The compounds of the present invention having the 

formula (I) can be' converted interchangeably into dif 
ferent types of compounds within the formula (I), as 
illustrated by Reaction Scheme 3 below. 

v The thus‘ obtained compounds ‘of the formula (I) can 
be converted into their pharmaceutically acceptable 
acid addition salts thereof as previously described by 
conventional procedures which are well known in the 
art. - ' 

a > The compounds of the present invention as well as 
the intermediates therefor previously described can be 
‘isolated from the reaction mixture obtained‘ in each step 
‘in conventional manners, for example, by distilling off 
the solvent used. If necessary, the resulting compounds 
can. be puri?ed by conventional procedures such as 
fractionalicrystallization, column chromatography and 
the like. 
As is apparent to one skilled in the art, the carbostyril 

compounds ,of the formula (I) canlbe prepared through 
variousroutes. Representative routes which can be used 
are shown in Reaction Scheme 4 below. 
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REFERENCE EXAMPLE 1 

21.6 g of 5,8-dihydroxy-3,4-dihydrocarbostyril and 
19.9 g of potassium carbonate were added to a mixture 
comprising 480 ml of acetone and 120 ml of water, and 
the resulting mixture was stirred while re?uxing for 30 
minutes. 76 g of 2-methoxyethyl bromide was then 
added thereto followed by stirring while re?uxing for 8 
hours. The solvent was evaporated, and water was . 
added to the residue. The mixture was extracted with 
diethyl ether. The aqueous layer was rendered acidic 
with hydrochloric acid and then extracted with chloro 
form. The chloroform layer was dried over anhydrous 
magnesium sulfate, and the chloroform evaporated to 
vobtain 15 g of 5-hydroxy-8-(2-methoxyethoxy)-3,4 

. dihydrocarbostyril as a black oily substance. 

REFERENCE EXAMPLE 2 

0.7 g of 8-hydroxy-5-(3-t-butylamino-2-hydroxy 
propoxy)-3,4-dihydrocarbostyril was suspended in 20 
ml of acetone, and 3.0 ml of l N NaOH was added to 
the suspension to form a homogeneous solution. 0.2 g of 
acetyl chloride dissolved in a small amount of acetone 
was added dropwise to the solution under ice-cooling 
and stirring. After the mixture was allowed to stand 
under ice-cooling for 30 minutes, 2 ml of l N hydro 
chloric acid was added to the mixture, and the solvent 
evaporated under reduced pressure. The residue was 
puri?ed by silica gel column chromatography using 
'chloroform:methanol (8:1 by volume) as an eluent. The 
solvent was evaporated, and the residue was recrystal 
lized from methanol-diethyl ether to obtain 0.4 g of 
8-acetoxy-5-(3-t-butylamino-2-hydroxypropoxy)-3,4 
dihydrocarbostyril hydrochloride as colorless ?ake-like 
crystals having a melting point of 247°~248° C. (with 
decomposition). 

REFERENCE EXAMPLE 3 

0.66 g of 8-hydroxy-5-(2-hydroxy-3-isopropylamino 
propoxy)-3,4-dihydrocarbostyril was suspended in 10 
ml of acetone, and 3.0 ml of l N sodium hydroxide was 
added thereto to form a homogeneous solution. To the 
resulting solution was added vdropwise 0.35 g of cy 
clohexylcarbonyl chloride dissolved in a small amount 
of acetone under ice-cooling and stirring. After the 
reaction mixture was allowed to stand under ice-cooling 
for 30 minutes, the mixture was adjusted to a pH of 3 
vwith l N hydrochloric acid. The solvent was'evapo 
rated, and the residue was dissolved in water and then 
extracted with'chloroform. The aqueous layer was con 
centrated to dryness under reduced pressure, and the 
residue was subjected to silica gel chromatography 

- using chloroform-methanol (8:1 by volume) as an elu 
ent. The solvent was evaporated, and the residue was 
recrystallized from methanol-diethyl ether to obtain 
0.45 g of 8-cyclohexylcarbonyloxy-S-(2-hydroxy-3-iso 
propylaminopropoxy)-3,4-dihydrocarbostyril hydro 
chloride as colorless ?ake-like crystals having a melting 
point of 227°-228° C. 

REFERENCE EXAMPLE 4 

1.5 g of 5-(3-t-butylamino-2-hydroxypropoxy)-8 
hydroxy-3,4-dihydrocarbostyril was suspended in 20 ml 
of methanol, and 1.0 g of allyl bromide and 6 ml of l N 
sodium hydroxide were added thereto to form a homo 
geneous solution, followed by stirring the mixture while 
re?uxing for 4 hours. The solvent was evaporated, and 
the residue extracted with chloroform. The chloroform 
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was evaporated from the extract, and the residue was 
recrystallized from methanol-diethyl ether containing 
hydrogen chloride to obtain 0.9 g of 8-allyloxy-5-(3-t 
butylamino-2-hydroxypropoxy)-3,4-dihydrocarbostyril 
hydrochloride as white needle-like crystals having a 
melting point of l77°—l78° C. 

REFERENCE EXAMPLE 5 

0.75 g of l-benzyl-8-hydroxy-5-(3-t-butylamino-2 
hydroxypropoxy)-3,4-dihydrocarbostyril hydro?uoride 
was suspended in 10 ml of acetone, and 3.3 ml of l N 
sodium hydroxide was added thereto to form a homoge 
neous solution. 0.15 g of acetyl chloride was then added 
to the solution under ice-cooling and stirring followed 
by allowing the mixture to stand for 20 minutes. The 
mixture was adjusted to a pH of 3 with l N hydrochlo 
ric acid, and the acetone was evaporated. The residue 
was extracted with chloroform, and the chloroform 
layer was washed with a saturated aqueous solution of 
sodium chloride and dried over magnesium sulfate. The 
chloroform was evaporated leaving 0.3 g of a colorless 
solid, which was found by NMR and IR spectra to be 
l-benzyl-8-acetyloxy-5-(3-t-butylamino-2-hydroxy 
propoxy)-3,4-dihydrocarbostyril hydrochloride. 
NMR Spectrum: 8(ppm) (in dimethyl sulfoxide d6) 5.03 

singlet (2H), 2.33 singlet (3H) and 1.36 singlet (9H) 
IR Spectrum: (KBr) 1760 cm—1 and 1675 cm—1 

REFERENCE EXAMPLE 6 

2 liters of acetone and 500 ml of water were added to 
150 g of 5,8-dihydroxy-3,4-dihydrocarbostyril, and 138 
g of potassium carbonate and 150 g of 2-propynyl bro 
mide were further added thereto. The resulting mixture 
was heated while re?uxing for 3 hours on a water bath. 
After completion of the reaction, the acetone and the 
2-propynyl bromide were evaporated under reduced 
pressure, and the residue was made acidic'with concen 
trated hydrochloric acid. The mixture was extracted 
with chloroform, and the chloroform layer was washed 
with water and dried over anhydrous sodium sulfate. 
The chloroform was evaporated under reduced pres 
sure, and the residual crystals were recrystallized from 
isopropanol-diethyl ether to obtain 110 g of 8-(2 
propynyloxy)-5-hydroxy-3,4-dihydrocarbostyril having 
a melting point of l41°—142° C. 

REFERENCE EXAMPLE 7 

To 78 g of 8-(2-propynyloxy)-5-hydroxy-3,4-dihy 
drocarbostyril were added 102 g of epichlorohydrin, 60 
g of potassium carbonate and 600 ml of methanol, and 
the resulting mixture was heated while re?uxing for 2.5 
hours on a water bath. After completion of the reaction, 
the methanol was evaporated, and water was added to 
the residue followed by extracting with chloroform. 
The chloroform layer was washed with water and dried 
over anhydrous sodium sulfate. The chloroform was 
evaporated under reduced pressure, and the residual 
crystals were recrystallized from isopropanol to obtain 
67 g of 8-(2-propynyloxy)-5-(2,3-epoxypropoxy)-3,4 
dihydrocarbostyril having a melting point of 
l42°-143.5° C. 

EXAMPLE 1 

40 Drops of piperidine were added to 10 g of 5 
hydroxy-8-(2-methoxyethoxy)-3,4-dihydrocarbostyril 
and 13 g of epichlorohydrin, and the resulting mixture 
was stirred at 95° to 100° C. for 4 hours. After the unre 
acted epichlorohydrin was evaporated, the residue was 
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dissolved in chloroform-and the chloroform layer, was 
washed successively with diluted sodium hydroxide and 
water and then dried over anhydrous sodium sulfate. 
The'chloroform was evaporated, and the residue was 
dissolved in 100 m1 of methanol. 20 g of t-butylam'ine 
was added to the solution, and the mixture re?uxed for 
8 hours. Theunreacted amine and the solvent were 
evaporated, and the residue was dissolved in methanol 
containing hydrogen chloride. The residue obtained by 
evaporating the methanol wasrecrystallized from me 
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phenoxyethylamine were added to 100 ml of methanol 
followed by re?uxing for 3 hours. The methanol was 
evaporated, and the residue was puri?ed by silica gel 
column chromatography using chloroform-methanol 
(40:1 by volume) as an eluent. The solvent was evapo 

‘ rated, and the residuewas dissolved in methanol con 

10 
thanol-diethyl ether-to obtain 6.8 g of 5-(3-t-buty1amino- . 
2-hydroxypropoxy)-8-(2-methoxyethoxy)-3,4~dihy- . 

drocarbostyril hydrochloride as white needle~like crys 
tals having a melting point of 195°—l96° C. 

EXAMPLE 2 
3.0 g of 5-(2,3-epoxypropoxy)-8-(2-methoxyethoxy) 

' 3,4-dihydrocarbostyril and 2.0 g of Z-p-methoxy 

15 

taining hydrogen chloride. The ethanol was evapo 
rated, and the residue was recrystallized from me 
thanol-diethyl ether to obtain 1.5 g of 8~(2-methoxye 
thoxy)-5-[3-(2-p—methoxyphenoxyethylamino)-2 
hydroxypropoxy]-3,4-dihydrocarbostyril hydrochlo 
ride as, white powdery crystals having a'melting point 
of 78°—80° C. ' ' ' 

EXAMPLES 3T0 36 
In the same manner as described in Example 2, the 

following compounds wereprepared: 

TABLE 1 

. 9H 
OCHZCHCHZN 

R20 
. R1 

R 
Bonding at. / 3 . 

V- ‘ 3,4~Position --N Melting 
. Example‘ of Carbostyril \ . 7 Point 

No. Structure R1- R2 ~ R4 HA (°C.) 

3 1 single bond H _' v ' --COCH3 CH3 HCl 247-248 

‘ ' (decomp.) 

--NHC-CH3 

, . CH3 ‘ 

4 single bond _ H 3 CH3 HCl 227-228 

' —c—<:> —NHCH ' 

> ‘ "CH3 7 ' 

' 5 - single bond H ' --CH2CH=CH2 CH3 HCl 177-178 

' ‘ ' -NHC—CH3 

CH3 . 

6 ‘ single bond _ H ‘-—CHZCHZOCH3 CH3 HCl 168-169 

' -—NHCH ‘ 

\ . 
y ' . ‘ ' CH3 , v 

7 1 single bond H --CH2CH;OCH3 CH3 HCl l95‘l96 

.—-NHC-CH3 
> > . ‘ CH3 

8 single bond H -"CH2CH2OCH3 Free 120-121 

—NHCH2CH2—© 
9 ' _ double bond 11 —cn;cnzocns )CH; ‘ HCI i 183.5-185 

' ‘ ‘ ' i ’ -—NHC—CH3 

‘ \ 

. _ _ CH3 

10 double bond‘ H —CH2CH2OCH3 ‘ (\CH _ HCl 1 1025-1035 
‘ > . 2 . - 

,. —NHCH2CH2—C§—_O/ . ‘ 
11 double bond I /CH3 - ‘ HC] 213-2145 

+6 I am. \ 
.} CH3 > 

12 double bond H ' "CH2CH=CH2 CH3 Free 1161-163 

—Nl-_ICH1 ‘ 
\ 
CH3 
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‘ dihydrocarbostyril was dissolved in 15 ml-of methanol, 
and 2.6 g of t-butylamine was added to the solution, 
followed by allowing the mixture to stand at .15“-20° C. 
for 12 hours. After completion of the reaction, the 
methanol and the t-butylamine 'were‘evaporated under 
reduced pressure, and the resulting crude oil was con 
verted into the hydrochloride thereof using hydrochlo 
ric acid and ethanol. The solvent was evaporated under 
reduced pressure, and the resulting crystals were dis 
solved in water and washed with chloroform to remove 
impurities. The aqueous layer was made alkaline with 

' sodium hydroxide and then extracted with chloroform. 
‘ The chloroform layer was washed ‘with water and dried 
over anhydrous sodium sulfate. The chloroform was. 
evaporated under reduced pressure to obtain colorless 
crystals, which were converted into the hydrochloride 
thereof with hydrochloric acid-ethanol. The solvent 
was evaporated under reduced pressure, and the residue 
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TABLE l-continued 

OH .113 

. OCHZCHCHZN 
' \ 

i T 
. H R20 . Y Rl' . 

I Bonding at l‘ - ‘ R3 , 

3,4-Position - -N Melting 
Example of ‘Carbostyril \ ‘ Point 
No. 1 Structure R|‘ R2 R4 HA (°c.) 

, 28‘ I single bond , I H 7CH2CH2OCH3 , . ‘ CH ' OCH; Free IOU-101.5 
. 3 l 

. . . r .1‘ I I 

, -INH_Cl-1C1-I2 OCH; ' V n n _ 

29 single bond“ l-l —C0CH3‘ - ‘ oc1-13 Hcl 208-210 

I . v ‘ —NHCH2CHZ OCH; 

30 ‘ single bond’ I H ) ‘—CH2(“IOOH v OCl-lg w Free 21415-24125‘ 

, _ __ l I e _ —NHCH;Cl-I2 ocu, ‘5 I 

31 , single bond- H‘ " - —cH2co0c;l-l5 ' OCH; . HCl . H20 93795 

_ I —N1lcll'1c1i2 ocn; ’ 

32 ‘ ‘single bond‘ I > H '—cllzcoclls ‘ ‘ 00113 ((30011); 169-171 

I I _ I —NHCH2CH1 ' OCH; 

' as single bond I .n “.—‘CH2Cl-l=ICl-l2‘ . ' ‘ HCl ‘150-152 

—NHCH2CH 

"34 (I single bond‘ H f-cmcmocll; ' I‘ o\ ' HCI - 115411 

> , HCH2CH2—-< g-O / ‘ 
35 single bond H u “ . . OCH; Free‘ ' 1211430" 

‘ ' -'-cll CCH CH CH CH 
I I l 2 . ‘2 2 3 --.NHc1l2c1-i2 ocl-i3 . __ 

36 single bond‘ H" 0 CH3 OCH3 - Free 56-58 

—CH CCH 
2 \ . -—NHCH2CH2 OCH; 

CH3 ' 

- EXAMPLE 37 I - - - was recrystallized from isopropanol' to obtain 1.6 g of 

2 g of 5-(2,3-epoxypropoxy)-8-(2-propynyloxy)-3,4- 50 8-(2-propynyloxy)-5-[3-(t-butylamino)-2-hydroxy 
propoxy]-3,4-dihydrocarbostyril hydrochloride having 
a melting point of l82°-l83° C. 

_ EXAMPLE 38 

1.0 g of 8-(2-propynyloxy)-5-(3-chloro-2-hydroxy 
.propoxy)-3,4-dihydrocarbostyrilwas dissolved in 30 ml 
of methanol, and 4.5 ml of 28% ammonium hydroxide 
was added to the'solution followed by heating at 70” C. 
for IO‘hours, The methanol and the ammonium hydrox 
ide were evaporated under reduced pressure, and the 
residue was made acidic with hydrochloric acid and 
washed with ethyl acetate. The aqueous layer was sepa 
rated, made alkaline with sodium hydroxide, extracted 
with chloroform, washed with water and then dried 
over anhydrous sodium sulfate. The chloroform was 
evaporated under reduced pressure, and the residue was 
puri?ed by silica gel chromatography, and the product 
was converted to the hydrochloride thereof by adding 
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methanol-hydrochloric acid. Recrystallization from 
methanol-diethyl ether afforded 0.5 g‘ of 8-(2-= 
propynyloxy)-5-(3-amino-2-hydroxypropoxy)-3,4-dihy 
drocarbostyril hydrochloride having a melting point of 

EXAMPLE 39 

1.1 g of 8-(2-propynyloxy)-5-(2,3-epoxypropoxy)-3,4 
dihydrocarbostyril was dissolved in 30 ml of methanol, 
and 1.5 g of Z-methoxyethylamine was added thereto, 
followed by allowing the mixture to stand at 10° to 15° 
C. for 29 hours. After completion of the reaction, the 
methanol and the unreacted amine were evaporated 
under reduced pressure.’ The residue was. rendered 
acidic with hydrochloric acid and washed with ethyl 
acetate. The aqueous layer was made alkaline with 
sodium hydroxide, extracted with chloroform, washed 
with water and dried over anhydrous sodium sulfate. 

' ‘The chloroform was evaporated under reduced pres 
sure, and the residue was dissolved in methanol.v The 
product was formed into the hydrochloride thereof by 
adding methanol-hydrochloric acid and then recrystal 
lized from isopropanol to afford‘ 0.8 g of 8-(2 
propynyloxy)-5-[2-hydroxy-3-(2-methoxyethylamino) 
propoxy]-3,4-dihydrocarbostyril hydrochloride having 
a melting point of l7l°-l72° C. 

EXAMPLE 40 . 

1.0 g of 8-(2-propynyloxy)-5v-(3-chloro-2-hydroxy 
propoxy)-3,4-dihydrocarbostyril. was dissolved in 30 ml 
of methanol. 0.5 g of anhydrous potassium carbonate 
and 1.4 g of 2-(3,5-dimethoxyphenoxy)ethylamine were 
added to the solution, and the resulting mixture was 
re?uxed while stirring for 8 hours. The methanol was 
evaporated under reduced pressure, and the residue was 
rendered acidic with hydrochloric acid followed by 
washing with ethyl acetate. The hydrochloric acid 
layer was separated, extracted with chloroform, 
washed-with water and dried over anhydrous sodium 
sulfate. The chloroform was evaporated under reduced 
pressure, and the residue was recrystallized from me 
thanol-diethyl ether to obtain 0.4 g-of 8-(2-propynylox 
y)-5{3-[2-(3,S-dimethoxyphenoxy)ethylamino]-2- ' 

O 
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hydroxypropoxy}-3,4-dihydrocarbostyril 
ride having a melting point of 187°—l89° C. 

EXAMPLE 41 

1.0 g of 8-(2-propynyloxy)-5-(3-chloro-2-hydroxy 

hydrochlo 

' propoxy)-3,4-dihydrocarbostyril was dissolved in 20 ml 
of methanol. 05 g of anhydrous potassium carbonate 
and 1.6 g of 2-(3,4-dimethoxyphenyl)ethylamine were 
added thereto, and the resulting mixture was stirred 
while re?uxing for 2.5 hours. After completion of the 
reaction, the methanol was evaporated under reduced 
pressure, and the residue was dissolved in chloroform 
and then washed with water. The chloroform layer was 
dried over anhydrous sodium sulfate, and the chloro 
form evaporated under reduced pressure. The residue 
was recrystallized from methanol-diethyl ether to ob 
tain 1.1 g of 8-(2-propynyloxy)-5-{3-[2-(3,4-dimethoxy 
phenyl)ethylamino]-2-hydroxypropoxy}-3,4-dihy 
drocarbostyril hydrochloride having a melting point of 
160°—162° C. 

EXAMPLE 42 

1.0 g of 8-(2-hydroxyethoxy)-5-(2,3-epoxypropoxy) 
3,4-dihydrocarbostyril was dissolved in 20 ml of metha 
nol,‘ and. 1.5 g of 2-(3,4-dimethoxyphenyl)ethylamine 
was added thereto followed by allowing the mixture to 
stand at 10° to 15° C. for 12 hours. After the reaction, 
the methanol was evaporated under reduced pressure, 
and the residual oil was dissolved in chloroform, 
washed with water and dried over anhydrous sodium 
sulfate. The chloroform was evaporated under reduced 
pressure, and the residual oil was washed with diethyl 
ether followed by decantation and then converted into 
a hydrochloride using hydrochloric acid-methanol. 
Recrystallization from methanol-diethyl ether gave 0.9 

of 8-(2-hydroxyethoxy)-5-{3-[2-(3,4-dimethoxy 
phenyl)ethylamino]-2-hydroxypropoxy}-3,4-dihy 
drocarbostyril hydrochloride having a melting point of 
204°-206° C. 

EXAMPLES 43-47 

In the same manner as described in Example 42, the 
following compounds were prepared: 

TABLE 2 

OH R3 

OCHZCHCHZN 
\ 

g N .HA 

R20 1'11 , 
R 

Bonding at / 3 
3,4-Position —N Melting 

' Example of Carbostyril \ Point 
No. Structure R1 R2 R4 HA ("C.) 

43 single bond H —(CH2)OH OCH], OCH3 Free lll-ll3 

—NHCH2CH2 

44_ single bond H,- CH3 ' ocrnocn; Free 103-105 

' —CHCH2OH - ' 

I '—NHCH2CH2 

’ 45 double bond H OCH3 OCH} HCl 193-1945 
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TABLE 2-continu‘ed 
7 0H ‘ R3 

OCHZCHCHZN 

‘T 
' R20 ‘R1 ’ 

Bonding at Q /R3 
3,4-Position —-N 3 Melting 

Example of Carbostyril \ Point 
No. Structure R1 R2 R4 HA (°C.) 

46 single bond H OH OCH; OCH; HCl NMR 
- I . data‘ 

—CH CHCH ' 
,2 3 —-NHCH2CH2 ' 

47 single bond H CH3 /CH3 Free 151-153 

‘—'CHCH2OH -NHCH 
, ‘ _ \ 

CH3 - 

Note - ' _ . 

‘NMR Spectrum: Bppm in dimethylsulfoxide-d5(DSS) 9.22 (br. s. IH), 630-633 (m, 5H), 5.15 (d, IH, J = 4.5 Hz)-and 
1.05, 1.15 (d. 3H,] 5 5 H2) - . 

EXAMPLES 48 ‘TO 72 ‘ 

In the same manner as described in Example 37', the 
following compounds were prepared: , 30 

' TABLE 4 

0H R3 

~OCH2CHCHzN 
_ \ 

\ R4 

' . HA 

\ 
N \0 
I 

R20 R1 
' R Bonding at / 3 

3,4-Po5iti0n .,.._N v_ 
Example of Carbostyril - v ' \ ' v Melting 

N0. - Structure R1 R2‘ R4 HA Point (°C.) 

42 single bond 3 f —-cH2c_=_cu --NHC2H5 _ _ > HCI 182.5-1845 
49 " , '7 v " ‘-NH(CH1)3CH3 ’ ' " ‘184-185 

" ‘ '5 "' 'v ' l _ -_"NHCH1CH=CH2 . " 176-1775 

51 " v " ' ‘ CH3. ' ' > 205-206 - 

--NHCH 
' . \ 

CH3 - I ‘ V ' 

s2 " " " CH3 ‘ ‘ ' "‘ [201402 

-'NHCH2CH 

CH3 . ’ 

53 ., ,, u " [213-214 

- (decompt) 

ENHCH 

54 .. H I, ‘ " 2005-2015 

W10 
55 " " " " 1735-1755 

e-NHCI-h-Q _ ' 
56 ,, ., ~ ' ' CH3 . . _ I ‘ '179.s_1s1.s 
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.tion). 

37" '38 
' TABLE 4-continued ‘ 

I ' OH R3 

' OCHZCHCHZN 

‘ ‘ \ 

val-IA 

5“ 
R20 “R1 ‘ 1 ‘ 

Bonding at I /R3 
- ‘ 3,4~Position" ‘ —N . 1 

Example of Carbostyril . \ Melting . 
No. Structure R1 R2 ' R4 HA Point '(°C.) 

71 " I " /CH3 '-NH(CH2)‘3CH3 _ . " 117-118 

’ —CH2C.=_CCH2CH. ' 

' \ 
CH3 

EXAMPLE 72 

0.7 g of 8-hydroxy-5-(3*t-butylamino-Z-hydroxy-’ 
propoxy)-3,4edihydrocarbostyril was ‘ suspended in 20 
ml of acetone, and 3.0 ml of l N_ sodium hydroxide was 
added thereto to form a homogeneous solution. 0.2 g of 
acetyl chloride dissolved in a small amount of acetone 

25 

was added dropwise to the solution under cooling with » . 
water, followed by allowing the mixture to stand under 
water-cooling for 30 minutes. 2 ml of 1 N hydrochloric 
acidwas added fthereto, andthe solvent evaporated 
under reduced pressure. The residue was'puri?ed by 
silica gel column chromatography using chloroformme 
thanol (8:1 by volume) as an eluent. The solvent was 
evaporated, and the residue was recrystallized from 
methanol-diethyl ether to obtain 0.4 g of 8-acetoxy-5-(3 
t-butylamino-2-hydroxypropoxy)-3,4~dihydrocarbos 
tyril hydrochloride as colorless ?ake-like crystals hav 

35 

ing a melting point of 2475-248" C. (with decomposi- ' 

EXAMPLE 73 
0.66 g ‘of 8-hydroxy-5-(2-hydroxy-3-isopropylamino 

propoxy)-3,4-dihydrocarbostyril was suspended in 10 
ml of acetone, and 3.0 ml of l N sodium hydroxide was 
added thereto to form a homogeneous solution. 0.35 g 

. ofrcyclohexylcarbonyl‘chloride dissolved in a small 
amount of acetone was added dropwise to the solution 

I while ice-cooling and stirring. After the reaction mix 
‘ ture was allowed to stand under ice-cooling for 30 min 
utes, 1 N hydrochloric acid was added thereto to adjust 

‘ to a pH of 3. The solvent was evaporated under reduced 
pressure, and the residue was dissolved in water and 
extracted with chloroform. The aqueous layer was con 
centrated to dryness under reduced pressure, ‘and the 
residue was puri?ed by silica gel chromatography using‘ 
chloroform-methanol (8:1 by. volume) as an eluent. The 
solvent was evaporated, ‘and the residue was recrystal 
lized from methanol-diethyl ether to obtain 0.45 g of 
8-cyclohexylcarbony1oxy-5-(2-hydroxy-3-iso 
propylaminopropoxy)-3,4-dihydrocarbostyril hydro 
chloride as colorless ?ake-like crystals having a melting 

‘ point of 227°—228° C. I 

I EXAMPLE 74 

1.5 g of 5-(3-t-butylamino-2;hydroxypropoxy)-8 
hydroxy-3,4-dihydrocarbostyril was suspended in 20ml 

' of methanol, and 6 ml of 1 N sodium hydroxide was 
added thereto to form a homdgeneous solution. 1.0 gof 

45 

50 

55 

60 

65 

allyl bromide was added to the solution followed by 
stirring while re?uxing for 4 hours. The solvent was 
evaporated,and the residue was extracted with chloro 
form. The chloroform was evaporated, and the residue 
was recrystallized from methanol-diethyl ether contain 
ing hydrogen chloride to obtain 0.9 g of 8-allyloxy-5-(3 
t-butylamino-2-hydroxypropoxy)~3,4-dihydrocarbos 
tyril hydrochloride as white needle-like crystals having 
a melting point of 177°-178° C. 

EXAMPLE 75 

0.75 g of l-benzyl-8-hydroxy-(3-t-butylamino-2 
hydroxypropoxy-3,4-dihydrocarbostyril hydrochloride 
was suspended in 10 ml of acetone, and 3.3 ml of l N 
sodium hydroxide was added thereto to form a homoge 
neous solution. 0.15 gof acetyl chloride was added to 
the solution while ice-cooling and stirring, followed by 
allowing the mixture to stand for 20 minutes. The mix 
ture was adjusted to a pH of 3 with 1 N hydrochloric 
acid. The acetone was evaporated, and the residue was 
extracted with chloroform. The chloroform layer was 
washed once with a saturated aqueous solution of so 
dium chloride and dried over anhydrous magnesium 
sulfate. The chloroform was evaporated leaving 0.3 g of 
a colorless solid as a residue. This product was con 
?rmed by NMR and IR spectra to be l-benzyl-8 
acetyloxy-5-(3-t-butylamino-2-hy»droxy)propoxy-3,4 
dihydrocarbostyril hydrochloride. 
NMR Spectrum: I 
8(ppm) in dimethylsulfoxide d5 
5.03 singlet (2H), 
2.33 singlet (3H) ‘and 
1.36 singlet (9H) . 

IR‘Spectrum: KBr, 1760 cm-1 and l675cm‘1 

‘ REFERENCE EXAMPLE 8 

‘ The B-adrenergic blocking activity of the compounds 
of this invention was determined; as follows: 
Male hybrid adult dogs, weighing 10 to 16 kg, were 

anesthesized with sodium pentobarbital administered 
intravenously. at a level of 30 mg/kg of body weight, 
and a cannula was inserted into the trachea of each of t 
the anesthesized dogs. In order to avoid blood coagula 
tion, heparin was administered intravenously at a level 
of 1000 units and thereafter a cannula was inserted into 
the right femoral artery. The experiments were con 
ducted under arti?cial respiration at a rate of 20 ml/kg, 
l8 r.p.r‘n. ' ‘ - ' 










